Background
Results
Finally, Fifteen papers (seventeen studies) including 4,151 cases and 4,997 controls to evaluate the association of the PPARGPro12Ala polymorphism and EH risk, were included in this study. Overall, the results suggested that Ala allele was associated with the decreased EH risk (for allelic model, OR = 0.757, 95%CI: 0.624-0.918, P = 0.005; for dominant model, OR = 0.771, 95%CI: 0.627-0.946, P = 0.013). The subgroup analysis stratified by ethnicity showed that the significant association between the PPARG Pro12Ala polymorphism and EH was only detected in the Asian subgroup. There was no difference in blood pressure values between Ala carriers and non-carriers. For the C161T polymorphism, only 5 studies comprising 1,118 cases and 1,357 controls met the inclusion criteria. The overall results showed that the PPARG C161T polymorphism was not associated with the risk of EH. But in the subgroup analysis, we found that the PPARG C161T polymorphism significantly a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 associated with the risk of EH in the Asian subgroup (for allelic model, OR = 0.719, 95% CI: 0.537-0.963, P = 0.027; for dominant model, OR = 0.653, 95% CI: 0.439-0.972, P = 0.036).
Conclusion
Our meta-analysis suggested that the PPARG polymorphisms might be associated with the risk of EH.
Background
Essential hypertension (EH) is one of the leading causes of mortality and morbidity. Epidemiological data show that there are about one billion EH patients in the world. Pathogenesis of EH is related to multiple risk factors, including environmental and genetic factors [1, 2] . Systematic reviews and meta-analyses have independently suggested that numerous gene polymorphisms are associated with the risk of EH [2, 3] . Genetic factors might contribute 30-50% to the pathogenesis of EH [4] .
Peroxisome proliferator-activated receptor gamma (PPARG, also known as NR1C3), a member of the nuclear hormone receptor subfamily, regulates the expression of a network of genes involved in adipogenesis and lipogenesis, insulin sensitivity, inflammation and atherosclerosis [5] . PPARGs consist of three different isoforms-PPARG1, PPARG2 and PPARG3-result different promoter and different splicing methods. PPARG is mainly expressed in adipocyte tissue, as well in vascular endothelial cells, smooth muscle cells and monocyte/macrophage cells [6] . Previous studies showed that PPARG plays an important role in adipose differentiation and in susceptibility to type 2 diabetes [7] . In recent years, decreased PPARG levels have been reported in subjects with high blood pressure not only in vitro but also in vivo [8] .
The gene encoding PPARG is located in human chromosome 3p25 and contains 9 exons. Several PPARG polymorphisms have recently been identified. Studies have shown that PPARG polymorphisms might be associated with coronary artery disease [9] , type 2 diabetes [10] and metabolic syndrome [11] .
To date, numerous studies have been conducted to explore the relationship between PPARG polymorphisms and the risk of EH in different populations, but the results have been conflicting. One of the common variants in PPARG is Pro12Ala (rs1805192). The cytosine is substituted for guanosine at nucleotide position 34 (C34G), leading to a change from proline (Pro) to alanine (Ala) at position 12 of exon 2 in PPARG. This substitution may lead to the change of PPARG protein structure, which can decrease the effect of binding to the target gene and reduce its transcriptional activity [12] . In previous studies, the Ala allelic frequency varied greatly in different ethnic populations [13, 14] , which could be attributed to genetic variations and to different environmental and lifestyle exposures.
Studies on the association of PPARG Pro12Ala polymorphism with EH risk have been extensively performed previously, but the results remain controversial [15, 16, 17] . In 2008, Lu et al [18] explored the relationship between the Pro12Ala variant and EH among long-lived subjects (more than 90 years). The mean age of included subjects was 94 years. They found that the frequency of the Ala allele was significantly lower in the EH group than in the normotensive group (3.45% vs. 6.92%, P = 0.001). Several other studies reached similar conclusions [15, 19] . However, Horiki et al [20] did not find an association between the PPARGPro12Ala polymorphism and EH. More contrary results were found in other studies [21] [22] [23] [24] . In 2006, Stefanski et al [21] examined the association between the Pro12Ala polymorphism and blood pressure values in obese patients with long-lasting type 2diabetes in Poland. They found that carriers with the Ala allele had a higher 24h diastolic pressure than patients with Pro/Pro genotype. In 2010, Gao et al [23] concluded that the Ala allele was involved in genetic susceptibility to EH in the Han population of Inner Mongolia.
Another variant is C161T (rs3856806), which is located in the exon6 of PPARG. As for association between the C161T polymorphism and the risk of EH, the results are also inconsistent. For example, Qu et al [24] found that the frequency of the CT genotype was significantly lower in EH patients than in normotensive subjects (21.3% vs. 36.2%, P<0.05) and that the T allele protected one from EH. In 2014, Zhang et al [25] obtained a similar result. However, other studies concluded that the PPARG C161T polymorphism was not associated with EH susceptibility [24, 26] .
To clarify these inconsistent findings and to evaluate the contribution of PPARG polymorphisms to the risk of EH, we performed a meta-analysis based on available data.
Material and methods

Study selection
The meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Metaanalysis criteria [27] . A comprehensive literature search of PubMed, Embase, CNKI (Chinese National Knowledge Infrastructure), VIP and Wanfang databases was conducted by two investigators independently before November 2016. The following search terms were used in the electronic searches: ("PPAR" or "peroxisome proliferator-activated receptor" or "NR1C3") and ("polymorphism" or "variant" or "gene" or "mutation") and ("essential hypertension" or "high blood pressure" or "EH"). For example, the full search strategy used in the PubMed database is: text word = ("PPAR" or "peroxisome proliferator-activated receptor" or "NR1C3") and ("polymorphism" or "variant" or "gene" or "mutation") and ("essential hypertension" or "hypertension" or "high blood pressure" or "EH"). To find additional eligible studies, the reference lists of the studies included were searched manually.
Inclusion and exclusion criteria
Eligible studies had to meet the following inclusion criteria: 1) Studies on the association between PPARG polymorphisms and EH risk; 2) Case-control study; 3) Having clear, original data of genotypic and/or allelic frequencies; 4) Studies written in English and Chinese; 5) Hypertension being defined as systolic blood pressure !140 mmHg and/or diastolic blood pressure !90 mmHg or treatment with anti-hypertensive medication; 6) For blood pressure, the data being presented as the mean± standard deviations (SD).
The exclusion criteria were as follows: 1) a review or case report; 2) genotypic and allelic frequencies were not clear; 3) animal studies; 4) secondary hypertension; 5) cross-sectional or cohort study; 6) data published repeatedly.
Data extraction
A special table was used to record the following information: the name of first author, year of publication, country, ethnicity, age, type of study, source of control, genotyping methods, the distribution of genotypes in cases and controls, diagnostic criteria of EH, and the value of blood pressures. The original data were extracted by two investigators (Cai GJ and Zhang BF) independently. Disagreements were resolved by consulting with a third author (Weng WJ). If we were in doubt about the data in the study, we tried our best to contact the author for correspondence by email.
Statistical analysis
We used Stata 12.0 (StataCorp LP, College Station, Texas, USA) software for all the statistical analysis. Hardy-Weinberg equilibrium (HWE) for the PPARG genotype distributions of control groups was checked by Fisher's exact test. Pooled odds ratios (ORs) and 95% confidence interval (CI) were used to assess the strength of association between PPARG polymorphisms and EH risk, and the pooled standardized mean difference (SMD) with 95% CI was used for the meta-analysis of PPARG polymorphisms and blood pressure. The between-study heterogeneity was evaluated by the Chi-square-based Cochrane's Q statistic and the I 2 statistic. If the between-study heterogeneity was significant (P-value< 0.10 or I 2 > 50%), a random effect model (Dersimonian-Laird method) was used to calculate the result; otherwise, a fixed effect model (Mantel-Haenszel method) was used [28] . Due to the small number of minor alleles, only the dominant (for Pro12Ala, GG+GC vs. CC; for C161T, TT+TC vs. CC) and allelic (for Pro12Ala, G vs. C; for C161T, T vs. C) model were performed to calculate the pooled ORs in the present meta-analysis. Subgroup analyses were also conducted by ethnicity (Caucasian and Asian), according to HWE (Yes and No), source of control (hospital based and population based) and genotyping methods (PCR-RFLP and others) to explore the source of heterogeneity. A sensitivity analysis omitting an individual study each time was used to evaluate the stability of the main meta-analysis results. The potential publication bias was examined by Begg's funnel plot, and the funnel plot asymmetry was assessed by Egger's linear regression test. APvalue <0.05 (two-sided) was considered statistically significant.
Results
Study characteristics
A total of 412 potentially relevant papers were obtained by the literature search, of which 17 papers met the inclusion criteria. [13-16, 18-20, 23, 26, 29-34] . Among these papers, two articles [31, 33] contained two subgroups with two independent results, respectively, so we analysed each as two separate studies. Most of the studies were conducted in Asians, with only three studies in Caucasians. The Ala allelic frequency in controls ranged from 0.28% in the Dong HR et al. study to 29.0% in the study by Wang et al. Five studies evaluated the PPARG C161T polymorphism and EH risk, including 1,118 cases and 1,357 controls [23] [24] [25] [26] 34] . All studies were conducted in Chinese, except for the Grygiel-Górniak et al. study. Tables 1 and 2 summarise the characteristics of included articles, including ethnicity, year of publication, genotyping method, distribution of genotypes and alleles, etc. The diagnostic criteria of EH were appropriated in all of these studies. The controls in 3 studies deviated from HWE [31, 32] . Six papers evaluated the relationship between the PPARG Pro12Ala polymorphism and the value of systolic blood pressure (SBP) and diastolic blood pressure (DBP) ( Table 3) . Of those, five papers were conducted in Asians and one paper in Caucasians. Because only two papers studied the relationship between the PPARGC161T polymorphism and blood pressure values, we did not perform meta-analysis.
Meta-analysis results
Association of PPARG Pro12Ala polymorphism with EH risk. Table 4 summarises the association between the PPARGPro12Ala polymorphism and the risk of EH. Because betweenstudy heterogeneity was significant in the overall analysis, a random-effect model was used. There were significant associations between the PPARG Pro12Ala polymorphism and EH risk in the whole population under allelic (OR = 0.757, 95% CI: 0.624-0.918,P = 0.005) and dominant genetic models (OR = 0.771, 95% CI: 0.627-0.946, P = 0.013) (Fig 2) .
In the subgroup analysis stratified by ethnicity, the significant association between PPARG Pro12Ala polymorphism and EH was only detected in Asian population under allelic (OR = 0.726, 95% CI: 0.587-0.887, P = 0.003) and dominant genetic models (OR = 0.749, 95% CI: 0.595-0.944, P = 0.014) (Fig 3) .
PPARG Pro12Ala polymorphism was associated with EH in a population-based subgroup (for allelic model, OR = 0.675, 95% CI: 0.532-0.855, P = 0.001; for dominant model, OR = 0.658, 95% CI: 0.514-0.946, P = 0.001) (Fig 4) .
In the subgroup, based on whether the control genotype distribution displayed HWE, a significant association was found between the PPARG Pro12Ala polymorphism and EH under allelic (OR = 0.745, 95% CI: 0.620-0.894, P = 0.002) and dominant genetic models (OR = 0.752, 95% CI: 0.609-0.928, P = 0.008) (S1 Fig). Stratification based on the genotyping method revealed no significant association between the PPARG Pro12Ala polymorphism and EH risk in the PCR-RFLP subgroup, whereas a statistically significant association was found in the other methods subgroup (for allelic model, OR = 0. Because the between-study heterogeneity was also significant in the whole study (for allelic model, I 2 = 75.0%, P = 0.003; for dominant model, I 2 = 78.9%, P = 0.001), so subgroup analyses stratified by ethnicity, genotyping methods and source of control were also conducted. The subgroup analyses showed that the statistically significant association only existed in the Asian subgroup (for allelic model, OR = 0.719, 95% CI: 0.537-0.963, P = 0.027; for dominant model, OR = 0.653, 95% CI: 0.439-0.972, P = 0.036) (Fig 6) .
Sensitivity analysis
Because of the significant between-study heterogeneity, sensitivity analysis was conducted to determine the influence of individual studies on pooled ORs by sequentially removing each eligible study. No single study of the Pro12Ala polymorphism influenced the stability of the entire study (Fig 7) . For the C161T polymorphism, The study by Grygiel-Górniak et al. significantly affected the overall results (Fig 8) . When the Grygiel-Górniak et al. study was excluded, the pooled result changed to the contrary.
Publication bias
The Begg's funnel plot and Egger's test were adopted to evaluate the publication bias among the individual studies. For Pro12Ala, Fig 9 showed that a visual publication bias was found in the Begg's funnel plot under both allelic and dominant models. The significant difference was also detected by Egger's test (P = 0.002 under the dominant model; P = 0.002 under the allelic model). For the C161T polymorphism, no visual publication bias was found in the Begg's funnel plot under both of the genetic models (Fig 10) , which was confirmed by the Egger's test (dominant model, P = 0.414; allelic model, P = 0.376). No obvious publication bias was found in the Begg's funnel plot for blood pressure (S4 Fig), which was also confirmed by Egger's test (for SBP, P = 0.362; for DBP, P = 0.628).
Discussion
In the present meta-analysis, we evaluated the relationship between PPARG polymorphisms and the risk of EH. Our meta-analysis found associations of the Pro12Ala and C161T polymorphisms of PPARG with significant risk of EH. Studies suggest that PPARG modulates the expression of genes involved in energy storage and utilisation [35] and plays a critical role in the regulation of adipocyte differentiation, lipogenesis, insulin resistance, inflammatory response, angiogenesis and atherosclerosis.
Clinical and experimental studies have indicated that PPARG might be associated with EH risk and the activation of central˚PPAR-γ could attenuate angiotensin II-induced˚hypertension [36] . The mechanism by which PPARG decreases blood pressure is still not completely clarified. The likely mechanisms are: 1) antagonism of the renin-angiotensin system, 2) inhibition vascular cell proliferation; and 3) improvement endothelial function [37] .
Up to now, several polymorphisms in PPARG had been studied, including Pro12Ala (rs1805192), C161T (rs3856806), C681G (rs10865710). As one of the important candidate genes for EH, studies on the association of PPARG polymorphisms and EH risk have been explored extensively. The results showed that PPARG polymorphisms might be associated with metabolism-related diseases [10] . In the present study, we selected the variant site in PPARG when it was in accord with the included criteria and was studied more than 3 times. After a literature search, the Pro12Ala and C161T polymorphisms in PPARG matched these conditions.
Although much research on the relationship between PPARGPro12Ala and C161T polymorphisms and EH have been conducted so far, the results of individual studies were inconsistent. In 2003, a community-based, cross-sectional observational study to explore the relationship between the PPARG Pro12Ala polymorphism and blood pressure in male subjects with type 2 diabetes was performed in Swedish subjects. Subjects with the Pro/Ala or Ala/Ala genotype had significantly lower diastolic blood pressure. On the contrary, in a cross-sectional study conducted in the aboriginal Qatari population in 2013, Beneret al. [17] showed that participants with the Ala allele had a higher EH risk than those with the Pro allele. For the C161T polymorphism, this discrepancy also existed. The results of these studies were not consistent, which could be partly attributed to the insufficient power of the studies, different EH diagnostic criteria, and/or ethnic and environmental variations. For example, in the Kim et al. study, the authors defined EH as the systolic pressure greater than 130 mmHg and/ or diastolic pressure greater than 80 mmHg. In different countries, the discrepancy was remarkable. Even in the same countries, differences also existed among different ethnic groups. In China, this association was observed in Han [19] and Uyghur populations [23] , rather than in Hui [33] and Zhuang populations [31] .
In the present study, the results demonstrated that the PPARG Pro12Ala polymorphism was associated with susceptibility to EH under both allelic and dominant models, which was consistent with the study by Wang et al [38] . Although there was significant between-study heterogeneity, sensitivity analysis indicated that no single study influenced the pooled OR for the PPARGPro12Ala polymorphism. Subgroup analysis stratified by ethnicity indicated that the association existed in Asians, but not Caucasians. However, there was no significant difference in the value of blood pressure between Ala carriers and the non-carriers. There was no significant association between the PPARG C161T polymorphism and EH risk in the whole population.However, in the subgroup analysis, we found that the PPARGC161T polymorphism was significantly associated with the risk of EH in the Asian subgroup. Sensitivity analysis showed that the Grygiel-Górniak et al. study significantly affected the overall results. When this study was excluded, the pooled result changed to the contrary. When we analysed this paper carefully, we found that this study was conducted in Caucasians and that the sample size was the smallest among the 5 papers, which contributed to the false-negative result.
In 2012, Wang et al. [38] conducted a meta-analysis to evaluate the relationship between the Pro12Ala polymorphism (rs1801282) in PPARG and EH susceptibility. They concluded that the Ala allele might be protective for hypertension among East Asians, but not among Caucasians. Compared with the study by Wang et al, the present meta-analysis had several strengths. First, not only Pro12Ala, but also C161T polymorphisms in PPARG were involved in this study, and the analysis of correlations between polymorphisms and EH were more comprehensively studied. Second, only 8 papers with 3,281 participants were involved in the study by Wang et al. in 2012. Since then, several new case-control studies on the relationship between PPARGPro12Ala polymorphism and the susceptibility to EH were conducted. In the present meta-analysis, a total of 15 articles comprising 4,151 cases and 4,997 controls were involved, which increased the statistical power greatly. Third, due to the significant betweenstudy heterogeneity, we performed sensitivity analysis and subgroup analysis to explore the source of heterogeneity.
Several limitations are present in our meta-analysis. First, as mentioned above, the association between Pro12Ala polymorphism and EH might be gender-specific. Because we could not obtain individual data from each study, we could not analyse the interaction between gene polymorphisms and the environment. Second, in our meta-analysis, most of the studies were conducted in Asians. There were only three studies conducted in Caucasians. Since the sample size for Caucasians was particularly small, the power was low, and thus results should be interpreted with caution. Third, only five studies with a small sample size (1,118 cases and 1,357 controls) were involved in our analysis of the association between the PPARG C161T polymorphism and susceptibility to EH. The sample size was relatively small, and any conclusion should be made cautiously. Finally, the publication bias was significant for the Pro12Ala polymorphism. A likely reason for the publication bias was that studies in other languages were not retrieved, and/or the negative studies were less likely to be published.
Conclusion
In conclusion, our meta-analysis suggested that the PPARGPro12Ala and C161T polymorphisms might be associated with the risk of EH in Asians. Since the Caucasian sample size was too small and statistically lacking in power, we should interpret it cautiously. Further largescale studies should be conducted to confirm the above conclusions. 
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